Selenium, an essential trace element, is found in antioxidant proteins in the form of selenocysteine, the 21 st amino acid. In bacteria, the selenocysteine incorporation into proteins requires the elongation factor SelB that has the unusual property to bind directly to both transfer RNA (tRNA) and messenger RNA (mRNA). The N-terminal domain of SelB is homologous to elongation factor Tu (EF-Tu) that transfers aminoacyl-tRNAs (aa-tRNAs) to the ribosomal A site in the form of a ternary complex EF-Tu-GTP-aa-tRNA. The accuracy of mRNA decoding depends on base-pairings between the codon on the mRNA and the anticodon on tRNA followed by EF-Tu GTP hydrolysis as well as conformational changes in the ribosome. In the case of the selenocysteine incorporation into polypeptides, a UGA codon is recoded as a Sec codon in the presence of the selenocysteine insertion sequence (SECIS) at its downstream. The unique extra C-terminal domain of SelB recognizes the SECIS mRNA hairpin to deliver the selenocysteyl-tRNA (Sec-tRNA Sec ) at a UGA codon. However, the molecular basis of high specific recognition of SelB to the SECIS mRNA hairpin has been unknown. We have reported the 2.3Å resolution crystal structure of the C-terminal mRNA-binding domain of Moorella thermoacetica SelB complexed with SECIS RNA hairpin. This is the first structure of a complex between an RNA and a winged-helix domain. The winged-helix domain is famous for DNA-binding motif, recently implicated in RNA binding. The structure illustrates the specificity of binding and reveals a new mode of RNA recognition. A striking feature of the complex is a 70° angle between the RNA helical axis and the protein that allows the complex to wrap around the small ribosomal subunit. This geometry explains how SelB can bind to both mRNA and tRNA whose sites are distant on the ribosome.

